where M(T) is the density of exitance of an object having a temperature
T, T b is the temperature of the background,
T a is the temperature of the atmosphere, t a is the atmospheric transmission coefficient, q is the construction constant of the device. 
where λ 1 ÷λ 2 is the wavelength limits (field of vision range of the thermovision camera), c 1 and c 2 are Planck's constant.
The construction constant of the camera can be expressed as
where D opt is the average diameter of the gateway aperture of the camera lens,
IFOV is the angle of view of an individual detector in a focal plane array/detector array.
If a cloud of gas appears in the pathway of the object (the background) and the thermovision camera ( 
0   GAZ atmosphere found between the gas cloud and the thermovision camera, t m t is the spectral gas transmission coeffi cient.
The gas will be detected only when the difference in signals (in the presence or absence of gas) is at least equal to the noise equivalent temperature difference (NETD):
where P NETD is the radiant power resulting from the NETD of the device, Leaving aside the impact of emissions from gas, the atmosphere or background, it may be assumed that when the temperature of the gas does not differ from the temperature of the atmosphere and the temperature of the background (object), gas detection is not possible even in the case of its high concentration. This statement may be proved by substituting dependency (5) with dependency (1) and (4), and assuming that
We then get an equation from which it is clear that the power of radiation reaching the infrared detector in both the absence and presence of gas is identical.
In a situation where the gas temperature is different from the atmosphere and background temperatures, for respective NETD of the device, the effective detection of the gas will depend on its concentration because bands of absorption alter with the change in gas concentration. Figure 2 depicts the absorption bands for methane (in wavelength functions) for two different concentrations.
Awareness of the methane absorption bands for different concentration values enabled the determination of the required difference in temperature between the background (object) and the gas in the NETD function of the thermovision camera (Fig. 3) .
Assuming that the NETD of the camera to be 0.2 K, the required temperature difference between the object (T b =293K) and the gas should be at least 1 K for methane with a concentration of 0.1%, 0.4 K for a concentration of 0.5%, 0.3 K for a concentration of 1% and 0.2 K for a concentration of 5% [Gittins et al. 2001 ].
On the grounds of the presented results obtained from the performed calculations, it is possible to establish what concentration of gas will be detected by the thermovision camera with an NETD for a given temperature contrast between the background and the cloud of gas.
SELEctEd dEVIcES For IMAGE dEtEctIon oF GASES
First devices used for passive detection of chemical contamination
were based on optical fi lters, in which the spectral features were adapted to the absorption (emission) bands of infrared radiation by vapours of a chemical compound. A few optical fi lters that had where D opt is the average diameter of the gateway aperture of the camera lens, IFOV is the angle of view of an individual detector in a focal plane array/detector array. Figure 1 . The measurement situation and the adopted marking for the analysis of gas in the atmosphere. determination of the required difference in temperature between the background (object) and the gas in the NETD function of the thermovision camera (Fig. 3) . Assuming that the NETD of the camera to be 0.2 K, the required temperature difference between th object (T b =293K) and the gas should be at least 1 K for methane with a concentration of 0.1%, 0.4 K for a concentration of 0.5%, 0.3 K for a concentration of 1% and 0.2 K for a concentration of 5% [Gittins et al. 2001 ].
On the grounds of the presented results obtained from the performed calculations, it is possible t establish what concentration of gas will be detected by the thermovision camera with an NETD for given temperature contrast between the background and the cloud of gas. Thermovision cameras for the detection of volatile chemicals are equipped with optical systems that ensure appropriate spectral resolution. This is associated with the need to use filters (they are usually tuneable, which enhances the versatility of the device), analysis and information processing systems as well as specific optical systems.
An example of a thermovision camera for the detection of gases is shown in Fig. 4 . The system works in the following way: the camera equipped with a filter adjusted to gas absorption bands records (owing to the Cassegrain telescope) two images, A and B.
Radiation registered as image B is additionally passed through a chamber filled with the detected gas. The chamber acts as an additional selective filter. Moreover, the calibration image E = A 0 /B 0 that contains information about the asymmetry of the two optical channels is recorded.
Images A and B are applied on top of each other and a resulting correlation image G = A/B/E is indicated. The image that shows the area where the gas is present in the observed scenery is then imposed on the image from the charge-coupled device camera after noise reduction.
The result of these operations is presented in Fig. 4 [Sandsten et al. 2000] . Image (1) shows the leakage of ammonia. Filling the gas chamber with methane enables the detection and visualisation of the cloud of methane, which is shown in image 2 of Fig. 4 .
The Flir Systems company produces thermovision cameras for the detection of gases known under the name of GasFindIR (Fig. 5) . These are devices dedicated to searching for leakages in gas transmission installations (e.g. in petrochemical plants).
GasFindIR operates with a set of optical filters having spectral features adjusted to infrared radiation absorption bands of selected gases.
The device is produced in two versions dedicated to the detection of different gases -GasFindIR SW(operational spectral range is 3-5 μm) and GasFindIR LW (operational spectral range is 8-12 μm). Each of the devices detects approximately 20 kinds of gases. The devices present the cloud of gas in a different colour (Fig. 5) . The disadvantage of these devices is that there is no identification of the gas, whilst the advantage is that the device is light and simple to operate.
Other devices use tuneable optical filters that ensure a high spectral resolution. These devices are based on the Fabry-Perot interferometers for an infrared range (Fig. 6) . The interferometer module with a thermovision camera was developed by Physical The device is produced in two versions dedicated to the detection of different gases -GasFindIR SW(operational spectral range is 3-5 μm) and GasFindIR LW (operational spectral range is 8-12 μm).
Each of the devices detects approximately 20 kinds of gases. The devices present the cloud of gas in a different colour (Fig. 5 ). The disadvantage of these devices is that there is no identification of the gas, whilst the advantage is that the device is light and simple to operate. 
HYPEr-cAM SPEctrorAdIoMEtEr tESt rESuLtS
The infrared IFTS Hyper-Cam uses a Michelson interferometer.
The optical scheme with elements changing the optic pathway is depicted in Fig. 11 .
Retroreflectors were used instead of mirrors. Owing to that, the The analysis of radiation reaching such a detector is identical for all elements. Thus the change in radiation amplitude in the function of optical pathways difference for wavelength λ i and the x difference in optical pathways is described in the following:
The response of the detectors is proportional to the radiation:
After taking into account the dependency on the cosine of the doubled angle, and considering, in further analysis, only the varying component connected with the change in optical pathways, the changes in radiation in the interferogram are described by the following relation:
For the source of continuous radiation in the wavelength range from λ 1 to λ 2 , whose spectral distribution is described by the function S(λ), the changes in radiation are given by the relation:
A typical interferogram curve shows the intensity of infrared radiation in the function of difference in optical pathways realised by the movement of the M 2 mirror in the interferometer. For a zero difference in the optical pathways, there is a maximum signal.
The spectral distribution for a given detector can be reproduced by performing an inverse Fourier transform by calculation of the integral:
In practice, the change in difference in optical pathways is realised by a fi nite, symmetrical range ±d, that is, the integral from relation (11), and will take the form
Performing an analysis according to dependency (12) (8) and (9) express this symbolically:
Here, a is the weighting vector to be estimated and T is the matrix of 'k' targets: [t 1 , t 2 , t 3 , …, t k ]. It is assumed that the noise component has a mean value of zero and covariance C.
The basic idea behind the clutter-matched fi lter (CMF) is to minimise the response to the unknown background signatures whilst accentuating the response to the target spectrum. To do so, the following mathematical operation was developed:
where q i is the CMF related to the ith target t i taken from the matrix of targets T and the N × N estimated covariance matrix, C, is given by equation (16):
Here, x i and µ are, respectively, the spectrum of the ith pixel and the mean pixel of the scene and M is the number of pixels from the image used to estimate the covariance. This model falls under the stochastic methods category.
The signal-to-clutter ratio is simply calculated with equation (17):
If the CMF is not calculated for each scene, which is sensible if real-time processing is required, then the mean pixel found in equation (16) must be the one introduced in equation (17) when the covariance matrix was introduced.
The CMF is normalised so that when the signal is absent, the probability density function of the fi ltered image has a standard The aim of such a detection algorithm is to develop a map of objects with a constant false-alarm rate (CFAR). This is a desired feature in algorithms of this type. Change detection algorithms generate maps of significant changes in the observed scene, which, in order to be credible, operate based on the credible threshold of CFAR changes. Rigid or flexible thematic maps generated by the above CFAR When the target mean is known, it is possible to use the spectral angle mapper (SAM or, as it will sometimes be called in this article, the correlation coeffi cient) to detect the presence of targeted species. As its name indicates, SAM is an algorithm that computes the angle formed by the projection of a target on an image pixel:
or, in a more common form,
The results are limited between 0 and 1. A value of 0 signifi es that the image pixel and the target are not at all correlated, whereas a score of 1 means that the two vectors are perfectly correlated. The aim of such a detection algorithm is to develop a map of objects with a constant false-alarm rate (CFAR). This is a desired feature in algorithms of this type. Change detection algorithms generate maps of signifi cant changes in the observed scene, which, in order to be credible, operate based on the credible threshold of CFAR changes. Rigid or fl exible thematic maps generated by the above CFAR algorithms carry information about the substances in the observed scene and the information may be more effi ciently exploited for the detection of objects or changes. The method that uses thematic maps cannot be used for the detection of targets because of the absence of training data for given targets. Detection and classifi cation look almost identical. However, the two differ signifi cantly in both theory and practice because of the uniqueness of aims, the fi nal effect (maps of object detection -thematic maps) and different cost functions (errors in pixel classifi cation on the thematic map are not as critical as the omission of the object or the overloading of the algorithm for tracking the object with false alarms).
In course of laboratory and polygon tests performed with the Hyper-Cam spectroradiometer, the possibility of detection of CO 2 , a mixture of propane and butane and Freon 134 (CH 2 FCF 3 ) was examined. The trials were carried out in different atmospheric conditions and with different concentrations of the gases. Freon 134 was detected during polygon tests using the Hyper-Cam LWIR by placing a gas cylinder at a distance of 20 and 60 m with a controllable valve [Chamberland et al. 2014] .
A concentration of 3% and 6% was obtained through the controllable valve. Atmospheric conditions were monitored when the gas fl owed out of the pipe by a weather station, recording the direction, wind strength, temperature and air humidity. The analysis of the measurement conditions made it possible to determine the value of the temperature contrast between the gas and the background; it was found to be 3°C. Figure 13 depicts the obtained results of the data registered with a spectroradiometer and the results obtained with the above-described method in MATLAB. The aim of such a detection algorithm is to develop a map of objects with a constant false (CFAR). This is a desired feature in algorithms of this type. Change detection algorithm maps of significant changes in the observed scene, which, in order to be credible, operate b credible threshold of CFAR changes. Rigid or flexible thematic maps generated by the ab A concentration of 3% and 6% was obtained through the controllable valve. Atmosph were monitored when the gas flowed out of the pipe by a weather station, recording the strength, temperature and air humidity. The analysis of the measurement conditions mad determine the value of the temperature contrast between the gas and the background; i be 3°C. Figure 13 depicts the obtained results of the data registered with a spectroradi results obtained with the above-described method in MATLAB. 
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